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An inveetigation w a ~  made in the Langley two-aimensional low- 
turbulence. tunnel at a Reynolds number of 2.1 million to determine 
the  aerodynamic load8 and momenta  over  a  15-percent-chord  drooped- 
nose f l a p  end a 20-percent-chord  plain trailing-edge flap on a 
6-percent-thick egmPllgtrlcal circular-arc airfoil eection. Airfoil 
lift, f l a p  normal-force, f l a p  chord-force, and flap hlnge-moment  char- 
acterietice were determined for  P ~ ~ I O U B  deflectlone of the flape either 
individually or in appropriate conbtnatione. 

The results of the inveetigation  indicated  that  the drooped-noee 
flap sectian normal-force and  hinge-moment coefficients increeeed 
rapidly in a poeltive  direction  with increaeing section lift$pgi- 
cient;  but for a given lift coefficient,  increasing the d o m d  
Beflection  of elther flag produced negative incremente. The plain 
trailing-edge flap section  nonnal-force and hinge-mment coefffcients 
are of a simllar magnitude to those for a plain flap on a eubeonic 
type  of  airfoil. The maximum f l a p  normal-force  and  hinge-nmnent coef- 
ficiente -re, reepectively, 4.74 and 2.24 for the dmopeb-nose f l a p  
88 compared  with 1.48 end -0.61 for the plain trailing-edge flap 

In an effort to extend the amount of available data on the aero- 
dynamic  charactsriatics of thin circul&r-erc airfoils  which  are  expected 
to be used on -8uperemic airplanes, eeveral inveetigatione at l o w  Mach 
and hi@ Reynold8 nmbera have been made to determine the section  char- 
acterietice  of  circular-arc airf'oils equipped with leading-edge and 
trailing-edge flaps. The results of one such inveetigation, In which 
the  airfoil l i f t ,  drag, and pitching-moment  characterletice were obtained 
for two eymmetrical circular-am airfoile, 6 and 10 percent thiok, 
equipped wlth leading-edge and trailing-edge flaps, are preeented in 
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reference 1. These data  were  obtained  in the Langley two-dimensionL 
low-turbulence  pressure  tunnel (TDT) and the 'Ldngley two-dimensional 
low- turbulence tunnel (LTI?) . 

The present investigation is intended to Furnish  flap  load  and 
hfnge-moment  data  applicable  to the structural  design of the L5-percent 
chord drooped-nose flap and the 20-percent-chord  plain trailing-edge 
flap OR the 6-percent-thick  airfoil from reference 1. 

The airfoil-lift  and  pressure-diatribution  diagrams  presented  in 
this paper were plotted from data  obtained in the Langley two-dimensional 
low-turbulence  tunnel with the  high-lift  devices  deflected  either  indi- 
vidually  or in agpropriate  combinations. 

c o m c m s  m SPMBOLS 

=t 

cn 

afrfoil  section  lift  coefficient 

f l a p  section  normal-force  coefffcient 

flap section  chord-force  coefficient (k) cC 

flap section hinge-ment coefficient L$.) 'h 

pressure coefficient Fw S 

P normal-pressure coefficient (3 
2 

n 

X f  

h 

airfoil lift per unit span 

f l a p  normal force per unit span, positive upward 

f l a p  chord force per unit Span, positive toward trafling edge 

flap hinge m m t  per unit span, positive when trailing edge 
tends to deflect d o m e  or leading edge upward 

airfoil  chord C 
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Cf 

=o ’ 

P -  loca l  static pressure 

9 free-streem  dynamic pressure 

aO 

flap  chord 

free-stream t o t a l  pressure 

airfoil  section angle o f  at-tack,  degrees 

6 flap  deflection,  positive when deflected  below  chord line, 

X- distance  behind  leading edge, inchea 

degrees 

9 distance tilove or below  chord, inches 

R Reynolds number 

M Mach Illzmber 

Subscripts : 

18 . .  drooped-nose f l a p  

F plain trailing-edge  flap 

The model used in this investigation was the WACA 2S-(50) (03)-( 5 0 )  (03) 
airfoil equipped with a 15-percent-chord drooped-nose flap and a 
20-percent-chord plain trailing-ed& f lap .  Ordinates  and a sketch of I 

the  model are presented - . table  I and figure 1, respectively. This 
is the same model as described and reported  in  reference 1 with t h e  
exception of the  presaure  orifices  which were installed.for the present  
investigation. These orifices were located on the airfoil  and flap 
BuTfaces (fig. 2) at the  midspan in a single  chordwise row. The chord- 
wise positions o f .  these orifices are given  in the table in figure 2. 

The investigation waa conducted fn the Langley two-dimensional 
. .. 

low-turbulence  tunnel at 8 Reynolds number of 2.1 x 10 and a Mach 
nmber of 0.15, and  consisted of measurements of lift and &ace 
pressures with the flaps  deflected  either  individually or in appropriate 
combinations. The airfoil  lift was measured and corrected t o  free-air 
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conditions by the methods described in reference 2. The n o d -  and chord-force  preeeure- 
distribution d i m s  wm rmachsnioally intsgratsd t o  obtain the f l a p   s e c t i o n   n o d - f o r c e ,  
chord-force, and hlnge-mmt  coefficients.  

Both the Rsynolde nmbr and the alrfoil Bsctim l i f t  coefficients YBR based OII the  
chord  of  the airfoil vlth the flaps neutral. The flap coefficients y8re based on t h e i r  
respective chords and -re determine4 parallel and perpendicular to the f l a p  chords in 
their deflocteed positions. 

RBStlLTS ABD MSCUSSIOM 

The looal pressure coeff!cients that were detemined from the orXfice preseares a t  the  
varlous angles of  attack are presented in table II f o r  the following flap deflections: 

Inclnded in  the table are the number and chordvim positlone  of the o r i f i c e s  carreapanding 
to those shown i n  figure 2. 

The f lap eection n o d - f o r c e ,  chord-force, and hinge-mcmnt chcugcteristice with the 
flaps deflected are presented in figurae 3 to 7. These reaults show that for a given f lap 
configuration  the normal force and momsnt on the dmoped-nose f l a p  increaeed rapidly In a 
posit ive  direction with incnae ing  l i f t  coefficient while i n  comparison the ncrrmal force and 
mmnt on the plain tra1ling;edge flap remainedalmoet  constant. For a glven lift coeffi- 
cient, however, Increaeing  the downward deflection of e i ther  f lap  pmducad negative incrementa 
In  both the nollaal force anQ moment on the  drooped-noee f l a p  In contrast  to the usual char- 
a c t e r i s t i c  of the conventloslal trailing-edge f l a p  where the Incrementa of t h e  normal force 
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and moment  increase  poaitively with increased  trailing-edge  flap  deflec- 
tion.  Deflection  of  the  drooped-nose  flap  had  very  little  effect oq 
normal-force and hinge-moment ch&racterietice of the  plain t ra i l ing-  
edge flap. The maepitude of the laads and mnents on the plain  trailing- 
edge flap are of a similar magnitude  to those of the plain flap on an 
NACA 0009 airfoil  (reference 3 ) .  As shown in figure 7 for the.optimum 
maximum lift  canff-tim (s = wo, €iF = 60.0) the :". flap 

. normal-force and hinge-moment  coefficfents  were,  respectively, 4.74 
. and .2 -24 for the drooped-no8e flap 88 compared with 1.48 and -0.61 for 

the  plain  trailing-edge flap. 

The chord-force  coefficient8 of both  flaps are negative in ai@ 
w i t h  the  exception of the drooped-nose f lap  chord  forces  at drooped- 
nose flap  deflections  of el0 and, e. ChoMH- forces  to skin 
friction  have  not ' b e e n  included in these  resulte.  omission  is 
considered to be of minor importance in view  of the large magnitude  of 
the normal-force  coefficients. The chord force, however,  especially 
for t h e  drooped-nose flap, should not  be  neglected when obtaining t he  
resultant air  load. 

The variation of the me~cimum flap loads and hinge momgpts 'at  or 
below maxfmum lift  with  increasing  deflection of either t h e  drooped- 
nose f lap  or plain trailing-edge f lap  are eumaxized in figures 8 and 9. 
It can be seen in figure 8 that deflecting the drooped-nose flap has . 
no appreciable  effect on the maximum normal-force and hinge-moment 
coefficient8 of the p h l n  trailing-edge  flap Large increases in the 
corresponding  coefficients of the drooped-nose flap, however, are 
evident as the drooped-nose flap is deflected. In contrast,  deflecting 
t h e  plain trailing-edge  flap  increased the maximum normal-force and 
moment  of both the drooped-nose flap and  plain  trailing-edge flap. 
The  magnitudes of the maximum normal-force and moment coefficients of 
'the plain trailing-edge.flap are shown to increase more rapidly than 
the corresponding forces-ind moments of  the drooped-nose f l a p  regardless 
of  the drooped-nose flap deflectfon  (fi-. 8 and 9). 

Typical  pressure-distribution diagram are presented in figures 10 
and XI. where the flap peersure coefficiente are plotted  against the 
projected  chordwise psitian of the fiap orifices on the airfoil  chord. 
'This  accounts  for the ahorter  effective  chord in ffgure U. a8 the flaps 
were deflected. The load-distribution  diagram  for the optimum maxirmrm 
lift  configuration, presented in figure 12, shows the comparatively 
Larger load over the drooped-nose f l a p  than over the platn trailing- 
edge flap.  This load over  the  drooped-nose flap is the result of the 
additional. normal load that  occurs as the airfoil-flap  configuration 
d e w s  from  the  ideal angle of  attack  or  lift  coefficient. Thin 
airfoil  theory  indicates tha% this additional no- load I s  infinite 
at the leading edge, but  decreases  rapidly with distance along the 
chord to zero  at the trailing  edge.  Actually;  because  of  the bubble 
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of sepmation at  the baaing edge, the load has 8 finite value. A 
study of table IT shows that this  local  eeparation, as indicated by 
approximately conetant values of the  preesure  coefficients  on the 
upper surface new the  leading edge, occur8  for all the configurations 
investigated at en angle of  attack  well below that for maximum lift. 

EXMWRY OF RESULTS 

The reeults of this  investigation of the air loads over a 
15-percent-chord  drooped-nose  flap and a 20-percent-chord  plain 
trailing-edge  flap  on an NACA 28-(50)(03)-(50)(03) airfoil  section 
indicate that: 

- .  

1. The drooped-nose  flap  section  normal-force and hinge-moment 
coefficients  increase&  rapidly in a posftive direction with increaslng 
lift  coefficient; but for a gtven  lift  coefficient,  increasing  the 
aownward deflection  of  either flap produced negative increments. 

2. The pls in  trailing-edge- flap sectfon normal-force and hinge- 
moment coefficients are  .of'a eFmilar magnitude to those for a plain 
flap on a subsonic  type of airfoll. 

3 .  The maximum f l ap  normal-force  and hinge-momnt coefficients 
were, respectively, 4.74 and 2.24 f o r  the drooped-nose f l ap  Re compared 
with 1.48 and -0.61 f o r  the plain  trsiling-edge flap 

Langley Memorial Aeronautical Laboratory 
Rakional Advlsorg Ccmrmittee for Aeronautics 

Langley Field, Va. 
c 
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TAB= I 
AIRFOIL 

ORDINATES FOR THE NACA 25- ( 50 } (03 ) - (  50 ) (03 ) 

Etatims and ordinates given i n  
percent of  a i r f o i l  chorg 

Ordinate 

0 

1.0 2 
1 .533  
1.922 
2.252 

522 

2,970 
3.000 

2. 
2.731 
2.521 
2.252 
1 . 922 
1.533 
1.082 

572 
0 

- 
Upper surf ace I - 

Statfon 

0 
5 
10 
15 
20 
25 

- 

5 
45 
50 
55 
60 
65 
70 

85 
90 
95 

100 
Radius of circular arc: 4.182 c 

8; 

- 

NATIONAL ADVISORY 
COHHITTEE FOR AERONAUTICS ’ 

1 

Ordinate 

0 

-1.0 -.* ?g2 2 

-2*i31 -2. 80 

-2. -2 

-1.533 
-1 . 922 
-2 -252 
-2 . 521 

-2.970 
-3 . 000 
-2.731 
-2 . 521 
-2.252 
-1 . 922 
-1 533 
-1 -082 

= . 572 
0 
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irif ice 
lumbar 

1 
2 
3 
4 
5 
6 
7 
8 

b10 
9 

A 
B 
C 
D 
E 
F 
CI a 

b19 
20 
21 
22 
23 

. 24 
;u 
-12 
13 
14 
15 
E 
I 
J 
K 
L 
n 
B 

25 
26 
27 
28 
b16 
b29 

r 
0 
1 
2 
3 
3 
7-5 
10 
12 
13 
16.1 
18.3 
25 

45 
35 

55 
65 
74 
77.03 
78.3 
80 
85 
90 
9s 
97.5 

100 
1.3 
2.6 
5 

ll.4 
7.5 
18.1 
25 

45 , 
35 

z 
90 
95 
97.5 
15 
80.3 

9 

r 
0 0.5 

.& .* 
-87 

.94 -98 *89 
-96 

1.04 .98 
1-01 

1.01 1.06 
1.04 1.10 
1.03 1.02 
1.02 .M 
1.07 1-14 
1.12 1.16 
1.16  1.18 
1.17 1.18 

1.16 1.17 
1.13 1.14 
1.19 1.10 
1.m 1.10 
1.10 1.10 
1.06  1.08 
1.02 . 1.03 
.97 .m 
-92 4 2  

0.17 0 

1.17 1.18 

.& 

.98. 
e 8 9  .95 
.8l .as 9 7 7  -e .a 

1.01 3 

1.02 .99 

aAngle of attaak far Uf%. 
bmernal preeeure. 

I__ 

2.0 

0.U 
1-96 
1.72 
1.39 
1.17 
1.19 
1*21 
1.22 
1.14 
.90 
1.25 
1.25 
1.25 
1.24 
1.23 
1.20 
1.16 
1.10 
1-10 
1.12 
1.09 
1.04 
.96 
-92 
.85 .go .59 .T2 - 78 .85 - 93 
1.04 
-99 

1-07 
1.09 
1.09 
1.09 
1.05 
1.02 
96 

. .93 

I. .06 - 89 

- 

- 

0.78 

2*12 2.1 
2-15 
2.l8 
2-19 
1.88 
1-59 
1-38 
.79 
1.3 
1.31 
1.31 
1=29 
1.26 
1.22 
1.17 
1.m 
1.10 
1.13 
1.09 
1.04 
-97 
.93 
.a6 
.26 
.37 .s2 .6l 
.69 
.79 .80 
-94 

1.00 
1.02 
1.02 
1.04 
1.02 
1.00 
.95 
.93 .77 

1.03 

1.36 
2.14 
2.15 

2.16 
2.15 

2.18 
2 -21 
2.22 
2.18 
.74 

2.* 
1-86 
1.47 
1.32 
1.26 
1.22 
1.17 
1.U 
1.U 
1.14 
1.09 
1-05 
1.01 

e 9 8  

-94 
015 
.26 .& .go 
-59 - 71 
.79 .e8 
95 .99 

1.01 
1.04 
1.04 
1.03 
1.00 
78 .68 

L O 2  

1.42 
~ ~~ 

1.94 
1.9 
1.95 
1.96 
1.97 
1.98 
I .oo 
2 * o o  .e 
2.03 
2.02 
1-93 
1.76 
1.59 
1.44 
1.32 
1.23 
1.23 
1.26 
1.22 
1.18 
1.15 
1.13 
1.U 
* l l  

.E 

.35 

.45 
-9 .66 
*76 
-85 
.93 .99 
1.02 
1.06 

, 1.09 
L o g  
1.W 
1.09 .64 
1.08 

deg . - 
a9. 1 

1.33 
1.8e 
1.83 
1.83 
1.a 
1.85 
1.86 
1.87 
1.87 
.68 
1.9 
1.91 
1.89 
1.h 
L. 71 
1-59 

- 

1.49 $:? 
1. 2 
1.38 
1.34 
1.29 
1.28 
1.24 
.ll 
-21 
35 .44 

-55 .67 
-77 
87 
-95 
1.02 
1.06 
1.U 
1.15 
1116 
1.17 
1-19 - 63 
1.13 - 

10.2 12.2 

1.25 1.24 
1.73 1.64 
1-73 1.64 
1-74 

1.65  1.75 
1.6 1.74 
1.64 

1-75 1-6 
1.76 1.66 

.a -55 
1.79 

1.72 
1-72 1.73 
1.72 1-78 
1.71 1.8s 
1.69 1.8l 
1.67 

1-50 1-35 
l a %  1-39 
l.Q 1.44 
1-66 1-49 
1-69 1-53 
1.67 1.9 
1.60 1.49 
1.6l 1.49 
1.71 1.61 
1.n 

.12 .w 

.21 - 19 

1.77 1.67 

.E -33 
.42 

-35 

.88 .88 “7.7 .?? .66 -67 
-53 

1.26 
1.29 
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L r i k l f l c e  
zvniber d c  t - 

0 
- 
12.2 i - 

2.0 
- 
4.1 

- 
10.2 

c 

" 

i 

9.1 6.1 4.0 

1.70 
.18 
.33 .40 
55 

0 6 9  .& 
.94 
1.25 
1.18 
1.07 
1.06 
1.w 
1 .n 
1.12 
1.U 
1.11 
1.07 
La7 
1.07 
L C %  
1.04 
-99 
9 95 .& 

1.71 
1.72 
1-72 
1.74 
1.75 
1.74 
1 .k5 
1.15 
1.12 
1.14 
1.13 
I.U. 
1.06 
1.62 
.97 
.94 
1.73 
1.07 

1 
2 

1.62 
35 .5l .ss 
-71 
-85 
-96 

1.0 43 
1.10 

.92 
1.20 
1.16 
1.17 
1.18 
1.18 
1.16 
1.13 
l = W  
1.09 1.w 
1.07 
1.03 

m 9 8  .92 *e 
1.62 
1.a 
1.62 
1.47 
1.13 .92 
1.U 
Log 
1.12 
1.13 
1.12 
1.10 
1.06 
1iW 

0 9 5  .92 
.91 
1.06 

0.28 
2.42 
2.45 
2.45 
2.36 
1.68 
1-53 
1.64 
1.94 
.51 
1.67 
1.55 
1.47 
1.40 
1.34 
1.28 
1.21 
1.12 
1.12 
1.17 
1.U 
Lag .sa 
.93 .88 .28 
.37 
.49 
.53 
.s4 
.% .73 .8k 
-91 
96 
.99 
1-01 
1.00 
* 9 9  .95 
93 .50 

Loo - 

1.89 
2.a 
2.& 
2.83 
2.86 
2-90 
2.74 
2-35 
1.96 

.42 
1.75 
1.62 
1-53 
1.45 
1.38 
1.30 
1.23 
l.l.2 
1.12 
1.38 
1.12 
1.06 
1.00 
.% .92 
.14 
.2k 
-35 
-42 
.45 
-52 .66 .77 .as 
.90 .96 
-99 
1.00 .99 
.% 
0 %  

.42 
1.00 - 

1.65 
2.19 
2.20 
2.20 
2.23. 
2.24 
2.26 
2.27 
2.27 

9 39 
2.21 
2.14 
1.97 
1.78 
1.62 
1-49 
1.39 
1.29 
1.28 
1.33 
1-29 
1.26 
1.22 
1.20 
1.17 
010 
-19 
-30 
0 37 . bl .48 
.62 
-75 
.85 
.92 
-98 
1.04 
1.08 
1.10 
1.U 
1.12 
39 

1.w 

0.88 
1.98 
1.99 
1.99 
2.m 
2.01 
2.03 
2.04 
2.06 .& 
2 .O3 
2.01 
1.94 
1.85 
1.5 
1.65 
1.56 
1.44 
1.43 
1.49 
1.47 
1.43 
1.39 
1.36 
1.30 
.n .26 
0 3 1  

0 37 . L1 .&I 
-63 .n 
.87 .96 
1.02 
1 .w 
1.15 
1.18' 
1.21 
1 .24 
39 

1.16 

0 
1 
2 
3 
5 
7.5 
10 
12 

0 -04 
1.55 
1.19 
1.20 
1.26 
1.33 
1.40 
1-53 
1.90 
.62 

1-53 
1.43 
1.37 
3-33 
1.29 
1.24 
1.18 
1.Y 
1.Y 
I .15 
1.10 
1.04 
-96 
0 91 
.87 
.53 
-59 .66 .68 
.66 
.69 
3 3  

:% 
1.03. 
1.04 
1.04 
1.01 

9 9 9  .95 
93 . br 

1.02 

1.92 
2.4'5 
2.46 
2.46 
2.48 
2.51 
2.53 

E::; 
-3 
2.37 
2.17 
1.83 
1.57 
1.M 
1-31 
1.23 
1.16 
1.16 
1.20 
1.16 
1.12 
1.w 
1.07 
1.04 
.IO 
-19 
.30 
36 .41 
.48 .6l 
.74 
83 .sa 

095 .99 
1.03 
1.04 
Lob 
1.04 
.39 
1.03 

3 
4 
5 
6 
7 
8 
9 

bl0 
15 
163 
18.3 
27 
35 
45 
7s 
65 
74 
77.03 

80 
78.3 

as 
90 
95 
97.5 
100 
1.3 
2.6 
5 
7.5 

11.4 
18.1 
2s 
35 
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1 
2 
3 
4 

6 
5 

;I 
9 
10 
A 
B 
0 
D 
E 
F 
G 

'17 
b18 
19 
Eo 
21 
22 
23 
24 
ll 
l.2 

' 13 
14 
IS 
E 
I 
J 
K 
L 
M 
R 
23 
26 
27 e 
29 

f 
- 
2.0 

t 

- 
I 

i 

6.1 

1.20 - 52 .69 .79 
.97 
1.22 
1.45 
1.82 
3.14 
3.43 
1.95 
1.69 
1.53 
1.45 
1.38 
1.30 
1.23 
1.17 
1.12 
1.19 
1.12 
1.06 
-98 
.9? .a9 
1.15 
1.10 

*84 
.67 
.54 
.47 
.63 
-78 
.87 
= 92 
-96 
-98 .a 
.98 
.95 
0 9 2  

.43 
-99 

_I 

- 

10.2 

0.35 
2.41 
2.29 
1.88 
1-53 
1.77 
2.02 
2.34 
4.01 
4,42 
2.42 
1.99 
1.74 
1-59 
1.41 
1.36 
1 .?6 
1.15 
1.14 
1.20 
1.12 
1.06 
.98 
-96 .92 
0 2 9  

.35 
0 3 8  

.37 

.34 
30 .48 

-62 
-73 .a 
37 
-91 
.9b .95 
.94 
.93 .a 
.94 

- 

- 

%5.2 18.3 

3.69 
3.n 
3.12 
3.76 
3 0 8 2  

3.54 
2.84 
2.63 
2.72 
2.19 
1.85 
1.62 
1-52 
1.49 
1.46 
1-43 
1.38 

- 
3.41 

1-37 
1.42 
1.42 
1.42 
1.42 
1.40 
1.36 

.03 .og 

.18 
J9 
-20 .x) - 36 
-52 
.66 .T7 
.81 .97 

1.07 
1.13 
1.21 
1.26 
.18 
1.05 - 

8.1 

0.04 
1.02 
1.09 
1.15 
1 .9  
1-52 
1-76 
2.16 
3.68 
4.10 
2.21 
1.e 
1.64 
1-73 
1.44 
1.34 
1.26 
1.14 
1.12 
1.a 
1.12 
1.06 

0 97 . 93 
0 8 9  .56 .56 
.53 
.50 
.37 
36 .56 
-70 
.86 
.87 .92 
-95 
.96 
.95 
.94 
.92 .20 
.96 - 

0 

1-9 .04 
015 .23 
.39 .a .& 

1.10 
2.04 
2.26 
1.38 
1.28 
1.23 
1.23 
1.22 
1.20 
1.16 
1.10 
1.10 
1.14 
1.n 
1-07 
1.01 
0 9 7  

094 
1.9 
1.58 
1.59 
1.59 
1.60 
1.6l 
1.64 
1.65 
1.53 
1.30 
1.19 
1.02 

-98 
-99 

.95 

.94 L.58 
1.01 

0 
1 
2 
3 
5 
7.5 
10 
3.2 
15 
16.1 
18.3 
23 
35 
45 
55 
65 
74 

78.3 
77.03 

80 
85 
go 
95 
97-5 

LOO 
1.3 
2.6 
5 
7.5 
ll.4 
18.1 
23 
35 
45 
54 
65 
74 
85 
9 0 -  
95 
97.5 
15 
80.3 

! 
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Seation a: 

%.l I 10.2 



NACA RNT No. L7HO4 15 

m i c e  
number 

I' - 
0 - 
0.9 
1.98 
1.80 
1.48 
1.20 
1.2l 
1.24 
1.26 
1.12 
.88 
1.31 
1.31 
1.33 
1.34 
1.36 
1.36 
1.38 
1.3 
1.36 
1.78 
1.25 
1.14 
1.08 
1.06. 
1.04 
.47 
57 .69 

.m .al 

.87 
-93 
.96 
.98 .98 
.& .95 

-84 
.91 
.96 
-98 .85 
1.20 

-4.1 -2.0 =6.1 1 8.1 4.1 

1-23 

2.30 
2.31 
2- 33 
2.36 
2.39 
2.40 
2.37 

.87 
2 .i26 
1.91 
1.52 
1-42 
1.41 
1.39 
1.39 
1 s 8  
1.32 
1.56 
1.28 
1.17 
1.09 
1.06 
1.03 
.14 
t 24 
.39 . k? -sa 
-66 .-E .82 
.87 .88 .e 
-82 
.79 
.89 
.94 
-96 
.67 
1-17 

- 
2.30 

2.0 

6.79 
2.2b 
2.26 
2.27 
2.29 
2.29 
2.02 
1.70 
1.46 .&l 1.m 
1.40 
1.W 
1.42 
1.42 
1.42 
1.42 
1.34 
1.39 1.e 
1.30 
1.16 
1.06 
1.03 
1.00 

.24 
9 37 
-9 .59 .66 
.82 .7!5 

.88 

.91 

.91 
-90 
.81 
.82 .ea 
.93 
.95 
74 

1.20 

~ 

0 
1 
2 
3 
5 
7.5 

10 
12 
15 
16.1- 
18.3 
25 
35 
h5 
55 
65 
74 
rr.03 
78.3 
80 
85 
90 
95 
97.5 
100 
1.3 
2.6 
5 
7.5 

n. 4 
18.1 
25 
35 
45 
55 
65 z 
90 
95 
97.5 
15 
80.3 

1.39 
.45 
.58 
-65 
0 7 5  

' .a3 
.89 
-9'c 
-96 
1.04 
1.03 
1-09 
1.16 
1.21 
1.26 
1.30 
1.37 
1.w 
1.44 
1.75 
1-33 
1.16 
1-01 
.94 .85 
1.85 
1. ga 
1.10 
1.ll' 
1.10 
1.11 
1.13 
1.12 
1 ,lo 
1.05 .97 .88 
.a4 
.& 
.89 
.8E! 
1-04 
1.27 

1.56 t 1.66 0 .?1 
.85 
.90 
93 .sa 

1.02 
1.06 
Lag 
1.6 
-99 
1.16 
1.19 
1.23 
1.27 
1.3 
1.32 
1-37 
1.34 
I .38 
1.a 
1.27 
1.13 
1.05 
1.02 
1.60 
.82 .a4 .sa 
.94 
- 9 6 '  

-99 
1.02 
1.04 
1.04 
1.01 
.% .86 
-85 
.91 
.94 
.96 
-98 
1.23 

2.19 

1.99 2.20 
1.97 2.25 
1-95 2.23 
1.94 2.21 
1.92 

.a .77 
2.28 2.00 
2.27 2.02 
2 .u  2.00 
1.8 1.93 
I.& 

1.21 
1.60 1.35 
1.n 1.45 ' 

1.83 

1.36 1.14 
1.39 1.16 
1.42 1.18 
1.46 1.22 
1.49 1.26 
L9 1.33 
1-47 1.26 
1.40 

.og a 0 9  

019 .13 
-32 -31 .4ll .41 .!x) .ga 
.62 .a .m .a- .19 .8a .84 .87 .a7 .91 
.8? .91 .a .87 
-84 .92 .93 1.02 
1.00 1.13 
1.04 1.20 .6l .€a 
1.10 1.27 

P 



16 MACA RM No. LET04 

c 

Orif l o e  
n-r 

1 
2 
3 
4 

6 
5 

;5 
bl: 

A 
B 
c 
D 
E 
F 
B 

b17 
18 
19 
20 
21 
2!2 
23 
24 
11 
12 
13 
14 
15 
E 
I 
J 
IS 
L 
W 
B 

2 
27 
28 

%6 
b29 

X / O  

0 
1 
2 
3 
5 
7.5 

10 
l.2 
15 
16.1 
18.3 
25 
35 
45 
55 
65 
74 
77.03 

80 
85 
go 
95 
97.5 
100 

1.3 
2.6 
5 
7. s 

u . 4  
18.1 
25 
3s 
45 
55 
65 

90 
95 
97.5 
15 
80.3  

7a.3 

z 

1 

- 4.1 
0.74 .75 

.a3 

.86 
93 

9 9 9  

1.04 
1 .Q8 
1.05 

-5% 
1.16 
1.20 
1.26 
1.31 
1.36 
1.39 
1.42 
1.27 
1.42 
1.41 
1.39 
1.43 
1.45 
1.44 
1.37 

.91 .90 

.94 .96 .* 
-99 
1.00 
1.00 .98 
:$ 
.67 
83 .99 

1.09 

1.26 
a 9 5  

4.0 

0.34 
1.78 
1.23 
1.16 
1 .I8 
1.a 
1.23 
1.24 
1.10 

.87 
1 - 3  
1.32 
1.36 
1.38 
1.U 
1.42 
1.43 
1.25 
1.42 
1.43 
1-39 
1.42 
1.43 
1.42 
1.36 
53 

.62 .7r .78 .a2 
-87 
0 9 0  

-92 
a91 .88 .80 .64 
65 .82 .99 

1.09 
0 8 5  

1.23 

- 
0 

0.6l 
2.19 
2.21 
2.23 
2.22 
1.92 
1.54 
1.36 
1.23 .& 
1.40 
1.42 
1.43 
1.44 
1.45 
1.45 
1.44 
1.24 
1.44 
1.k2 
1.40 
1.43 
1.42 
1.39 
1.34 .2t3 .40 
.61 .53 

-67 
.74 
* 8 0  

.83 .e 
-83 
.77 
.62 
63 

-79 .96 
1.07 

0 7 3  

1.21 

- 
2.0 

1.08 
2.36 
2.37 
2.38 
2.40 
2.43 
2.46 
2.44 
2.32 .a5 
2.14 
1.66 
1 .'48 
1.48 
1.49 
1.48 
1.47 
1.26 
1.47 
1.b7 
1.h 
1 ..42 
1.40 
1.37 
1.31 
-14 
25 

.39 

.47 
-56 
.65 .72 .77 .79 
.78 
.73 
-59 
.Q 
.78 .* 

1.04 
.65 

1.23 

4.1 

1.64 
2.35 
2.36 
2.36 
2.37 
2.39 
2.42 
2.44 
2.47 
.79 

2.48 
2.46 
2.25 
1.93 
1.67 
1-53 
1.48 
1.28 
1.51 
1.54 
1.37 
1.33 
1.29 
1.28 
1.25 

.07 

.16 

.29 

.37 .b6 

.55 .64 .7Q 
-73 
.74 
.70 
.55 
.59 
-75 .90 

1-00 
.57 

1.24 

5.1 
2.00 
2.27 
2.28 
2.H 
2.29 

2.34 
2.36 
2.38 .77 
2.39 
2 . u  
2.32 
2.12 
1.09 
1.67 
1.54 
1.29 
1.51 
1.49 
1.41 
1-39 
1.37 
1-35 
1.32 
.06 
.14 
27 

.37 
4s 

.55 
-64 
0 7 0  

.74 .75 .72 
57 .fa 

0 7 8  

.94 
1.04 

56 
1.25 

2.32 

- 

- 
6.1 

1.98 
2.14 
2.14 
2.14 
2.15 
2.17 
2.19 
2.21 
2.23 .75 
2.24 
2.26 
2.23 
2.13 
1.97 
1.79 
1.65 
1.38 
1.58 
1.55 
1.51 
1.50 
1.47 
1.46 
1.41 
.05 
15 

.28 
36 
.45 
.55 .64 .72 
= 76 
.77 
73 .a 

.64 

.82 
1 .oo 
1.u. 

* 5 6  
1.33 - 

I 



MACA RM No. L7HM 

T 

~~ 

1 
2 
3 
4 
S 
6 

ii 
bl09 
A 
B 
c 
D 
E 
B 

G 
18 
19 
X, 
!a 
22 
23 
24 
ll 
r2 
13 
14 
15 
H 
I 
3 
K 
L 
M 
r4 
25 
26 
27 
28 
b16 
329 

d 0  

0 
1 
2 
3 
5 
7.5 
10 
12 
15 
16.1 
18.3 
25 
35 
45 
55 
65 
74 
T7.m 
80 
78.3 

85 
go 
95 
97.5 
100 

1.3 
2.6 
5 

11.4 
7.5 
18.1 
25 
35 
45 
55 
65 
15 
85 
9Q 
95 
97.5 
15 
80.3 

-I- Seation angle of attack, 

-4.1 I -2.0 

1.59 - 1.51 
1.59 1.51 
1.6l 1-53 
1.64 1.53 
1.62 1.53 
1.56 Lso 
. w .  .n 
57 .38 .a 0% 

.79 .73 .n *a .58 55 .42 39 

.34 .34 
-56 54 .84 .a 
1.02 -93 

* 79 -69 
1.33 1-2Y 

0 

2-07 
2.38 
2.40 
2.40 
2.42 
2.46 
2.48 
2.43 
2.27 
.76 

2.02 
1.6l 
1.51 
1.9 
1.56 
1.56 1.56 
1" 
1-69 
1.47 
1.48 
1.50 
1-% 
1.50 
1.47 
.14 
.24 
.36 
.45 
* 53 .60 
.66 .68 
.68 
.63 
52 
34 
.31 
-54 
.79 
.91 .59 
1.25 

2.0 

2.38 
2.45 
2.45 
2.46 
2.47 
2.49 
2.52 
2.54 
2.56 
.70 

2.57 
2.52 
2.22 
1.85 
1.64 
1.55 
1.54 
1.50 
1.69 
1. % 
10%) 
1-50 
1.51 
1.50 
1.47 .06 
.15 
.27 
-35 
b 
52 .58 

.63 

.63 

.60 
53 

9 33 
30 
53 .18 
-91 
53 

1.24 

2.30 
2.32 

2.34 
2.34 

2.37 

2-41 
-67 
2.43 
2-46 
2 . a  
2.31 
2.n 
1-89 
1-74 
1.65 
1.66 
1.60 
1.58 
1-57 
1.56 
1.54 
1.50 
.03 .II 
0 2 2  

.3l 
9 39 .48 
.54 .6l 
.62 
0 5 9  

-51 
33 

-31 
.53 .79 
-95 .w 
1.36 

2-33 

2.36 

2.39 

6.1 

2.05 
2.07 
2.08 
2.08 
2.09 
2.10 
2.11 
2.12 
2.14 .65 
2.14 
2.16 
2.19 
2.18 
2.12 
2-00 
1-92 
1.91 
1.a 
1 .a 
1.78 
1 - 7 1  
1.74 
1.71 
1.67 
.04 
.12 
.24 
.31 .40 
*Y 
0 57 
.64 .66 .64 .* 
.35 
-33 
0 %  

.87 
1.06 .50 
1.56 

I 



18 NACA RM No. LW04 

T t 
Orifice 
nwnber 

T Section of 

0 - 
2 -43 
2.52 
2 -52 
2 -53 
2 -55 
2.56 
2 .& 
2.62 
2.64 

e 6 9  
2.63 
2 -47 
1-99 
10% 
1.61 
1.61 
1.59 
2.07 
1.75 
1.65 
1.58 
1-59 
1.58 
1-57 
1-55 

47 
-14 
.26 
-34 
4-1 
-48 
-53 
-55 :$ 
-3 
021 .ll 
9 8  
-56 
* 7 7  
0 5 0  

-49 - 

1 .o 

2 -52 
2-55 
2 -56 
2.5 
2 .a 
2 .& 
2.64 
2 *e 
2.67 
2.46 
2 .og 
1.80 
1.66 
1.66 
2 -08 
1.72 
1.61 
1.58 
1.59 
1.59 
1.58 
1.55 
-03 .ll .22 
-30 
37 

0 4 6  

-5l 
=53 
0% .48 
.3k 
020 .x! 
-29 
-56 
077 

-47 
-47 

2 '5J 

2. *% 

- 

2 .o 

2 9 5 0  

2' .p 
2 053 
2.54 
2 4 5  
2 -56 
2 959 
2.61 
2.63 

963 
2.64 
2.67 
2.61 
2.40 
e .ID 
1-85 
1 *P 
2.03 
1.70 
1.64 
~ 6 1  
1.62 
1.61 
1.60 
1-57 .02 

-09 
J9 
.26 
35 .4e 

.48 
-51 

-47 
-50 

a33 
019 
.14 
029 
956 
078 .44 .46 

- 

- 

- 
4 -1 

2.30 
2 * 3 0  
2.30 
2.30 
2.31 
2 -32 
2.34 
2 a35 
2 937 .66 
2.38 
2 A1 
2.42 
2 037 
2.26 
2 .Lo 
1.96 
2.04 
1 * s s  
1 *e 
1.81 
1-79 
1.76 
1.74 
1.71 

.02 
909 
-19 
.26 
-35 .44 
049 
-53 
-52 
-47 
34 

.20 
-15 
-30 .&I 
*83 
-45 
31 - 
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7 I I B - 
4.1 T 0 I 2.0 90.2 8.1 - 

1.83 
2-27 
2-29 
2-25) 
2.31 
2 -34 
2.37 
2.40 
2.40 .a 
2.36 
2.26 
1.98 
1.69 
1.49 
1- 37 
1.30 
1. la 
Ll8 
1.28 
1.22 
1.17 
1.14 
1. I 2  
1.10 .lo .20 

8 33 .40 .46 
0% .# .TI .84 
-9 
-9 
.9l 
95 

1.00 
1.03 
1.05 

.99 
51  
- 

0 
1 
2 

1-77 
.20 
-34 
.42 
055 .69 
0 7 7  

-88 

1.10 
071. 
0 8 0  

.as 

.9k 
1.03 
1.10 

0.54 1.53 
1-93 
1.94 
1.94 
1.96 
1-97 
l a 9 9  
2.01 
2.03 
.64 
2.03 
2.03 
1.99 
1-90 
1.80 
1.67 
1. sa 
1.42 
1.40 
1.49 
1.48 
1.44 
1.40 
1.38 
l.34 .lJ. .x) - 33 
.50 
47 

-55 .a. 
79 .08 
094 
98 
-99 
1- 05 
1; 12 
1.18 
1.22 

* 51 
1. l2 

3 
fs 
7.5 

l o '  

3 2  
15 
16.1 
18.3 
25 
35 
45 

1.17 
1.20 .e6 1. lo 

1-73 

.~ 

-99 
1.02 
1.08 
1.13 
1.17 
1.19 
1.22 
1.21 

55 
65 
74 
77.03 
78-3 
80 
85 

1-20 r.1g 
1.39 1 1.28 1.20 1.20 

90 
95 
97.5 
100 
1.3 
2.6 
5 
7.5 ll. 4 
18.1 
25 

1.78 

1.81 

1.83 

1.79 
1.82 

1.71 
1.36 

35 
45 

-73 
Lo2 



20 NACA RM No. L7HO4 

T 1 Sec.t;€m angle of aftack, %, deg 
Orifhe 
number 

L 
2 
3 
4 

6 
5 

7 
8 
9 

b10 
A 
B 
C 
D 
E 
F 
G 

b17 

19 
20 
21 
22 
23 
24 
u. 
12 
13 
14 
15 
R 
I 
J 
K 
L 
M 
Ip 

3 
27 
28 

d c  

0 
1 
2 
3 
5 
7 05 

10 
12 
15 
16.1 
18.3 
25 
35 
45 
55 
65 
74 
77 -03 
78.3 
80 
85 
90 
93 
97 .5 

1.3 
2.6 
5 
7 05 

ll.4 
18.1 
25 
35 
45 
55 
65 
75 
95 
90 
95 
97 -5 
15 
80 *3 

too 

- 
-2 .o - 
I -72 
31 
.64 
-71 
.83 

1 .oo 
1.07 
1 .lo 
1.15 .as 
1.21 
1.22 
1.25 
1 .pa 
1.31 
1.32 
1.37 
1.34 
1.38 
1.61 
J. 0 2 7  

1.13 
1.06 
1.03 
1.01 
1.61 
1 .I1 
1.02 
1.01. 
=9 
-94 

1.01 
1.04 
1-05 
1.09 

-98 .88 
08-7 

-92 
-95 
098 
a91 

1.22 - 

- 
0 
- 
2 00 

-I- - 
" 

t 

I 

! 

c 

- 
4.1 10.2 

0.37 
2 a8 
2 .!a 
2 012 
1.59 
1.41 
1.41 
1.48 
1.46 

-73 
1.56 
1.49 
1.45 
1.44 
1.43 
1.41 
1.40 
1.31 
1.34 
1.54 
1.26 
1 .I7 
1 .ll 
L .10 
1.07 
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Figure 1,- P r o f i l e  of NACA 2S-(50)(03)-(50)(03) a i r f o i l  wltb leading-edge and 
traillngg-edge bigh-llft devioes . 
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Figure 5. - Concluded. 
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c 

P i p e  6 . -  Sec t ion  f lap  load and hinge-ont oharacter is t ica  of an MACA 2 5 - ( 5 0 ) ( 0 3 ) - ( 5 0 ) ( 0 3 )  
a i r f o i l  for varioua d s f h c t l o n s  of the 0.20-chord plain trailing-sdge flap; R, 2.1 x 106, 
6y = 9 0 .  
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Figure 6 .  - Concluded. 
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Figure 7. - C o n o k d e d .  
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